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Introduction
The development of first-year engineering courses has been a source of frequent improvements and innovations in US engineering programs. Prior to the widespread adoption of first-year engineering courses, the first two years of engineering curricula had historically been devoted to the basic sciences while the last two years had been devoted to engineering sciences. Based on an expressed desire from engineering employers that engineers not only be content experts, but also have the abilities to communicate and work as a part of a team, some modifications were introduced to the traditional sequence to accommodate these needs [1] . Capstone courses were introduced into the senior year of engineering curricula in an effort to connect practical applications with the more theoretical nature of upper-level courses, helping prepare graduates for industry. This shift was moderately successful, but left many students still lacking exposure to practical information about engineering careers earlier in their educations. Since 1990, it has been an objective set by the ASEE Engineering Deans Council to develop first-year engineering courses that would expose students to engineering experiences and opportunities [2] . First year engineering courses expose students to the engineering and design processes as, in many cases, they would otherwise go through as much as half of their education before encountering engineering courses specific to their selected major. Several potential benefits are offered by well-planned first-year engineering courses. Multiple studies that indicate first-year engineering courses can be used to enhance student interest and retention, provide motivation for learning in subsequent engineering courses, and even enhance performance in capstone experiences later in students' educations [1] .
This study presents the development of a first-year engineering course developed specifically for civil engineering majors at LeTourneau University as a replacement for a more general introductory engineering course. The Intro to Civil Engineering course has a diverse curriculum of topics and activities, with some of the most important components of the course centered around an extensive problem-based learning experience. Currently in the fourth consecutive year of being offered, the course's success at improving students' attitudes toward civil engineering and upper-classmen retention rates was evaluated through a student survey administered to past and current students.
Problem-Based and Experiential Learning
Problem-based learning is incorporated into many engineering curricula, as it allows students to experience some or all of the engineering design process within a monitored environment. Engineering design is a complex topic, but is a critical part of the engineering profession and should possess a significant role in engineering education. Dym et al. [1] highlight four areas of system design thinking that engineering education should encourage:
 Thinking about system dynamics -the interactions between multiple parts of a system  Reasoning about uncertainty -recognition of how to incorporate incomplete knowledge in a design  Making estimates -selecting reasonable options without resorting to precise calculations  Conducting experiments -incorporating empirical data into design decisions One of the best ways to stimulate this kind of system design thinking is to present students with complex problems that require them to address each of these areas as the part of a single project. In engineering education, these kinds of design problems are often presented to teams of students, creating an environment in which questions are raised by others and there is a necessity to argue the advantages and disadvantages of alternative responses. These interactions not only address ABET criteria and increase communication skills, but also increase the likelihood of a successful design outcome, given a diverse team of students [1] .
For problem-based learning to work well in engineering, it must involve problems that are relevant and complex, but that also provide enough guidance for students to discover the intended information [3] . In addition, problems that require students to design real solutions in a laboratory environment, as opposed to simply solving problems in theory, helps provide students with valuable experiences and knowledge gains. While originally developed by the Sloan Foundation in 2002 to apply to all engineering instructional laboratories, the following list of areas of potential student outcomes are also an excellent guide for educational problem-based activities with experiential components [4] . These activities should involve student gains in the areas of:
 Instrumentation  Theoretical models  Experimental approaches  Data analysis  Design  Learning from failure  Creativity  Use of engineering tools and resources (psychomotor)  Safety  Communication  Teamwork  Ethics  Sensory awareness The above objectives can be divided into three broader categories: Those involving cognition (the first five), those involving psychomotor skills (use of tools and sensory awareness), and those involving behavior and attitudes (the remainder). Feisel and Rosa [4] argue that all three domains are necessary for the development of effective engineers through laboratory experiences. Problem-based learning activities in first-year engineering courses should be experiential in nature and should seek to address as many different outcomes as possible on the above list in order to provide the richest possible experience for students.
Admittedly, freshman students working on large projects can be challenging given students' limited technical knowledge, but this drawback can be balanced by gains in other areas. The most likely significant downsides of offering an engaging, problem-based freshman engineering course, then, is the amount and kind of effort required by faculty [1] . Without strong faculty buyin, it may be difficult to sustain these kinds of freshman engineering courses, despite the benefits they may offer.
Why Students Leave Engineering
One of the main purposes of a first-year engineering course is to try to improve retention numbers in engineering programs. An engineering degree is difficult to earn and requires significant commitment and drive on the part of the student. Multiple efforts have sought to identify engineering students who are at risk of failing to complete their degrees [5] [6] [7] . The reality is that there are numerous and diverse reasons students leave engineering programs, and some of these reasons can be addressed through first-year engineering courses and targeted, early exposures to engineering design and the engineering profession.
Most of the students who leave engineering do so because of advising error and oversights, negative interactions with faculty, difficulty handling the structure and curricula of engineering courses, or poor high school preparation [5] . The motivation to study engineering drops significantly in the first year of study, as students often not only have to deal with poor high school educations, causing them to struggle with calculus, chemistry, and physics courses, but also only a vague understanding of the engineering field they are entering [6] . Students who are motivated, informed, and excited about their engineering studies have much better experiences in their courses [5] . A general sense of disappointment with engineering seems to stem from a lack of quality academic and professional advising, which can lead to misconceptions not only about the path students need to follow to achieve their professional goals, but also whether those professional goals were ever realistic.
With some of the factors leading to student attrition identified, a first-year engineering course can be an ideal platform to try to anticipate and address them. A first-year course can be used as an opportunity to provide general academic advising, as well as to introduce students to upper level engineering faculty who can serve as mentors. Engineering students come to college with a diversity of ideas and attitudes about engineering and their own potential to succeed at it. Success in an engineering program not only depends on what those initial ideas and attitudes were, but also the changes that they undergo during the freshman year [7] . A first-year engineering course can also be used to provide career advising and inform students about the engineering profession and opportunities. One of the main goals in working with freshman students is to help provide them with the tools necessary to make an informed decision about their motivation to study engineering, rather than letting them persist in ignorance for several more semesters only to later reach the same conclusion and quit. Finally, Meyer and Marx [5] emphasize the importance of integration to students' success rate in engineering programs, both socially and academically. An important goal of any first-year course in engineering, then, is to help students become integrated and feel included among their classmates and program.
Using First-Year Courses to Improve Retention With the objectives of providing students with problem-based, experiential learning activities, communicating useful information about engineering academics and careers, and helping foster a sense of community among students, first-year engineering courses can become a significant factor in student retention. Hoit and Ohland [2] provide one example of an introductory engineering course offered by the University of Florida which incorporated hands-on engineering experience, teamwork, and experiential learning. The new, laboratory-based section of the course was compared to its more traditional lecture-based version. Retention increases were seen in the overall student population, as well as for both minorities and female students, populations less likely to experience good retention rates [2] . Meyer and Marx [5] , in their study of why undergraduates leave engineering, hypothesized that a mandatory first-year introduction to engineering course would likely improve the understanding and commitment of those students most likely to complete their degrees, while encouraging students who were less likely to complete their degrees to leave their programs sooner. Ultimately, both groups reap the benefits of such a course in the long term, developing realistic career goals early and more quickly getting on a path to achieving them.
For a first-year course to be most effective at improving student retention, it must provide information that is specifically relevant to its students. In some cases, that may require a constantly changing curriculum that presents material on the cutting edge of technology or that adapts to sweeping changes in professional practice. A relevant first-year course will also be most effective when offered to a specific discipline of engineering students, rather than to the general engineering population, as more relevant information can be used by students to develop better goals. This particular idea was the fundamental driver behind the development of an Intro to Civil Engineering course.
Case Study Course Development
Prior to the development of the Intro to Civil Engineering course at LeTourneau University in 2014, all of the students in the engineering program would take general introductory engineering courses both semesters of their freshman year. While these courses covered many of the topics and objectives recommended in literature, they were still structured around the idea of presenting engineering as a single topic of study. This introduced challenges for many students entering the civil engineering discipline, in that the projects for the second introductory course were heavily skewed toward the use of electronics and computer programming. Civil engineering majors enrolled in this course often seemed to have a more difficult time finding motivation and completing assignments, given that if they had found electronics particularly intuitive or inspiring, they likely would not have chosen to study civil engineering. Because of the need to keep a broad focus, some of the discussions regarding licensing, career options, and the history of engineering also ended up omitting some important issues specific only to civil engineering. This course seemed to serve as more of an obstacle to be overcome for civil engineering students rather than as a tool for motivation or to help them engage with their intended major. The Intro to Civil Engineering course was established as a replacement to the second freshman engineering course in the civil engineering course sequence. This change allowed students to still gain exposure to broader topics of engineering in their first semester studying engineering, but then to be immersed in the specific field of civil engineering in their second semester.
Topics Covered and Skills Developed
The intended outcomes of the Intro to Civil Engineering course shared many similarities to those set by the second general engineering course, only with modifications made to the content to provide a decidedly more civil engineering flavor. The result was a course that delved deeply into the field of civil engineering, but approached the subject matter in a variety of active and engaging ways. The content presented in the Intro to Civil Engineering course can be split into two parts: "topics for career preparation" and "skills and tools for civil engineering." Some of the career-related topics discussed in the course include:
 The history of civil engineering  Ethics in civil engineering  The path to licensing for civil engineers and continuing education  The role of a civil engineer and the deliverables they produce  The diversity of career options in civil engineering  Civil engineering in the modern world and emerging technologies Discussing these topics helps create a context in which students can place themselves and their intended careers. By looking at the rich history of civil engineering, students can begin to connect civil engineering feats they have previously encountered (and perhaps taken for granted) with the civil engineering men and women from the past who committed themselves to improving the quality of life of others. Learning about ethics, licensing, and the actual work civil engineers helps students set their own priorities and standards for their engineering educations. And finally, as students are encouraged to look ahead to the future of their careers and the industries they are entering, they have an opportunity to set some of their own career goals and begin to build a sense of purpose to their education.
The skills that students are exposed to throughout the course are intended to not only help them to be successful throughout their engineering education, but also in their internship experiences and future careers. Some of the skills developed in the course include:
 Technical Drawing  Computer Aided Drafting and Design  Experimentation  Technical Communication  Project Design, Development, and Evaluation Exposing students to these skills early allows later civil engineering courses to build on the common foundation set in the Intro to Civil Engineering course. For example, when laboratory assignments are given in later courses, less time needs to be devoted to explaining the fundamental processes of experimentation and report writing, but instead the focus can be on the specific objectives of the individual course. These skills can also be critical in allowing students to find and be successful at internships early in their educations; the introductory exposure to AutoCAD software is of particular interest to many potential civil engineering employers.
Major Project Work
The most significant and memorable portion of the Intro to Civil Engineering course is the major project component. Each year, students are presented with a challenge that is substantial, both in terms of scope and physical size. It is an important characteristic of this project that, at the time it is introduced, developing a solution appears to be beyond the capabilities of any student working alone. Students placed in groups of three or four to work on the project throughout the semester, documenting their design work, researching existing solutions, proposing designs to meet a given set of specifications, testing their ideas on a small scale, constructing a full-scale prototype, and evaluating the performance of that prototype. Given that the students have minimal exposure to engineering mechanics in the first year of their educations, the complexity comes from the scale and scope of the projects while potential solutions are fundamentally simplistic. Ideally, there should be many different approaches that will lead to success in solving the problem, so that students' focus toward the end of the course lies more on seeking to optimize their designs for efficiency instead of encountering the dread of failing completely. A well-designed problem will result in every team able to successfully submit a solution, even if some of those solutions are extremely inefficient.
Two different projects have been alternated in the course over the last few years: a 20-foot cantilever bridge ( Figure 1 ) and a 25-foot structural tripod (Figure 2 ). Both projects are introduced by providing the students with a problem that they are asked to solve. The hypothetical situation for the cantilever bridge was a need to design a footbridge over a crevasse that was both wide enough and deep enough to require the structure to be built out from each side and connected at the middle. The proposed purpose of the structural tripod was to provide an anchoring point for ropes and cables over the middle of a hand-dug well during its construction. Both projects incorporate the concept of civil engineering being used to improve people's lives, one by helping form a safe means of transportation to reach an isolated community or the other by developing a product that can be used to improve efficiency and safety for a traditionally dangerous process. Both projects also involve a competition-based grading structure (albeit, a relatively generous one), where designs are scored compared to those produced by the rest of the class. The experimental component of the project scoring is not only based on the amount of load the structures can support, but is also scaled based on the theoretical material "cost" of the structure, adding the extra complexity of a "system" dimension to the project. The cost is theoretical because all tools and materials are provided for the students, but is still a useful way of comparing the relative efficiencies of different designs. Students end the semester by constructing their structures, mostly out of wood and nails. The structures are then tested to failure in both cases by placing steel barrels on the loading areas of the structures and pumping them full of water. The load at failure is determined by using a pump with a known flow rate and recording the time between the beginning of loading and structural failure. Students' structures in the past have ranged from supporting about 300 lbs of load to being nearly capable of sustaining the 1500 lbs of load resulting from three full barrels of water.
Figure 1 -The Cantilever Bridge Project Figure 2 -The Structural Tripod Project
One of the most important objectives of the major project is to help students learn to function well in teams. This lesson begins with the team selection process. Before introducing the problem, students are given a handout listing constructive and destructive group behaviors [8] , as well as a list of project related skills (such as wood construction, creativity, report writing, etc.). They are then told to self-identify on an index card the constructive and destructive behaviors they are most likely to display in a group project setting, as well as a few skills they feel are personal strengths and a few skills they feel are personal weaknesses. This information is used to make anonymous mini-resumes consisting of the strengths and weaknesses each person has listed, and several students are selected at random to "draft" the rest of their team one by one. After teams are selected, they are given time as a group to each discuss why they listed the strengths and weaknesses they selected, after which the project for the semester is introduced. Using this method of selection, teams end up randomly assigned yet typically are relatively balanced, and there is little negativity associated with being picked "last" given the anonymous nature of the selection process. Even through this very first step in the project, students are already being encouraged to recognize how the strengths of others can be used to complement their own, allowing them to collectively produce a higher-quality result.
Throughout the semester, several of the lab times associated with the course are devoted to experimental work that can contribute to the design process of the major project. Students complete these labs in their groups, and are given leeway on each of them to explore the particular ideas they may have about how to approach the problem. The first lab involves the design of wood joints, in which students must develop a handful of different ways of connecting one piece of 2x4 lumber to another using nails, truss plates, and other connectors. Students are then able to test each of their designs in bending on a universal testing machine to determine which configurations provide the best connections, as well as to gather some more qualitative information about the ways wood connections are likely to fail. A second lab, much later in the course, involves small-scale testing of their current design ideas. Students construct approximately 1/16 th scale models out of craft sticks and hot glue, and then test those models to failure using sand poured into a hanging bucket (Figure 3 ). This round of testing provides some qualitative information about weak points with their current design plans, and can be used to help select between different ideas.
Figure 3 -Small-Scale Testing of Major Project Design Concepts
Meyer and Marx [5] proposed that social integration was a critical component in improving engineering retention. One of the most beneficial aspects of the incorporation of a major project is the opportunities it presents to build a community among students. Not only do students form relationships with the other students in their group, but they also have many opportunities to form relationships with students from other groups during the times spent working on their projects together in the engineering labs. The end-of-semester competition is publicized, and many other students and faculty come to watch each year. Civil engineering students who had competed in the competition in years past enjoy watching the testing, talking to the freshman students about their design ideas, and hypothesizing about which structures seem likely to support the highest loads. By the end of the day of testing, students in the Intro to Civil Engineering class recognize that they are a part of and accepted by a larger community of students and faculty in the engineering program.
Intro to Civil Course Impact on Student Retention
One of the major goals of any introductory engineering course is to try to improve engineering student retention numbers. The retention success of the Intro to Civil Engineering course at LeTourneau University was collected by looking at the outcomes for all the students who had taken the course since it was introduced in 2014. In three years, a total of 55 students enrolled in the course; of those, 52 completed the course, resulting in a completion percentage of 95% for the course. Of the 52 students who completed the course, 40 were considered to have "returned," a term defined in this study as enrollment in the fall civil engineering course (typically a civil materials or surveying course) immediately following the spring semester Intro to Civil course. The 23% of students who completed the Intro to Civil course and elected not to return to the program is not a disappointing quantity. Given that the purpose of the course was to try to help students understand more about the field and profession of civil engineering, it is acceptable that some choose not to continue studying civil engineering after the course, and ultimately the course serves them well if it helps them reach that decision earlier in their education. Students who either graduated from the program or are currently on track to graduate from the program within six years of entering are "positive outcomes" in terms of retention. Of the 40 students who returned to the civil engineering program after completing the Intro to Civil course, all 40 have been retained and are currently on track as "positive outcomes." While it was expected that the course would have a positive effect on student retention results, this 100% rate of retention is still a surprising and encouraging sign of the effectiveness of the course.
To get a better idea of how much of an improvement to retention the course may have provided, statistics were also collected for civil engineering students who took a different second introductory engineering course (referred to hereafter as "Non-Intro to Civil") prior to the inception of the Intro to Civil course. Since 2010, 81 students have taken a Non-Intro to Civil introductory course and "returned" to the civil engineering program in the following semester (Table 1) . Of those 81 students, 60 have graduated from the program and four are still enrolled, for a total effective conversion rate of 79% of students achieving positive outcomes. The remaining 17 students, considered "negative outcomes" in terms of retention, chose to change their major, transfer to a different university, or both, sometime after enrolling in a sophomore year civil engineering course but before graduating from the program. Using this 79% as a benchmark, the continuation of that trend would have resulted in negative outcomes for 8 of the 40 students who took Intro to Civil. While it is possible that the 100% retention rate may decrease before all 39 currently on-track students can graduate, at this point it is very unlikely that eight or more students will drop out of the program. Further monitoring of these retention rates will be critical to providing more evidence in favor of the course, but it appears that the Intro to Civil course has had a significant positive impact on student retention from the sophomore year through completion of their degree. 
Intro to Civil Course Impact on Student Engagement and Attitudes
Anecdotal data suggested that the Intro to Civil Engineering course had also been a significant contribution to students' development and attitudes toward civil engineering. To collect more statistically verifiable data to this end, an invitation to complete a survey was sent to both current students and graduates from the program since 2014. The focus of this survey was on student engagement with their civil engineering education and civil engineering career as related to the second introductory engineering course they took (again grouped as either Intro to Civil or NonIntro to Civil). A total of 62 responses were received on the survey, a response rate of 63% of those invited. The demographic breakdown of all respondents is indicated in Table 2 . Questions on the survey were presented in the form of a statement, with students asked to respond by selecting options on a Likert scale: "Strongly Disagree," "Disagree," "Neutral," "Agree," and "Strongly Agree." To analyze the responses, each response was assigned a numerical value from 1: "Strongly Disagree" to 5: "Strongly Agree." Higher averages therefore indicate relatively more positive responses, with an average value of 3 indicating a neutral response.
The first series of questions asked students to respond to statements regarding how their second introductory engineering course affected their civil engineering education. The specific statements presented and the numerical averages of the responses, divided between Non-Intro to Civil students and Intro to Civil students, are included in Appendix A. The graphical comparison of survey responses shown in Figure 4 makes it easy to see the significant differences in responses between students who had taken Intro to Civil and those who took a general second introductory engineering course instead. The only response that produced statistically similar results was related to the development of teamwork skills. As teamwork skill development is a key component of most introductory engineering courses, it is to be expected that both courses would produce similarly positive results. It is also not surprising that the remainder of the responses are heavily skewed in favor of the Intro to Civil course; after all, the Non-Intro to Civil course is a general engineering course, not tailored to achieve the discipline-specific outcomes set by the Intro to Civil course. However, when viewed in combination with the excellent retention numbers, what this data effectively demonstrates is that the Intro to Civil course is successfully achieving its objectives related to how students perceive their civil engineering educations and those objectives are the correct ones for increasing students' commitments to their civil engineering education.
Figure 4 -Comparison of Survey Responses Related to Civil Engineering Education
The second series of questions asked students to respond to statements regarding how their second introductory engineering course was perceived to affect their current or future civil engineering careers. The specific statements presented and the numerical averages of the responses, divided between Non-Intro to Civil students and Intro to Civil students, are included in Appendix A. The graphical comparison of survey responses shown in Figure 5 makes it easy to see the significant differences in responses between students who had taken Intro to Civil and those who took a general second introductory engineering course instead. Again, it is unsurprising that the Intro to Civil course was more successful at meeting objectives specifically related to the civil engineering field. The positive responses in each category simply illustrate the extent to which a pedagogy-informed, discipline-specific class can be used to improve students' experiences in their first-year engineering courses. One other conclusion that can be drawn from these sets of data is that there is still room for improvement in terms of how the Intro to Civil course addresses the topic of setting academic and career goals.
Figure 5 -Comparison of Survey Responses Related to Civil Engineering Career
In addition to the numerical data collected through Likert scale questions, several free response questions were included in the survey in which students could provide their general thoughts about their introductory engineering course experiences. The first open-ended question was posed to freshman student enrolled in the first week of the Intro to Civil Engineering course to determine the reputation, if any, that was being passed on from one year's civil engineering students to the next. While students may be inclined to respond favorably on a survey where they know their responses will be seen by faculty, the messages communicated from student to student are likely a better representation of their honest thoughts. The anonymously collected responses shown in Table 3 are paraphrased versions of the most frequently received responses. From these responses, the numerical response conclusion is confirmed that past students possess positive feelings about the course, at least to the extent that they are willing to give the course a positive recommendation when talking to younger students. Paraphrased, repeated free responses collected from former Non-Intro to Civil students and Intro to Civil students are collected in Tables 4 and 5 , respectively. The most significant takeaway from a comparison of these responses is that, while both classes achieved objectives related to teamwork and technical writing, the civil-specific engineering content and the major project in Intro to Civil helped provide students with an attitude-affecting positive start to their civil engineering education. 
Conclusions and Recommendations
The freshman year of engineering is an important time in a student's development. During this year, students are forming habits about the type of student and engineer they will likely be, and are frequently forced to evaluate whether they are truly committed to the degree they have chosen, or if they would instead prefer to study something else. A high-quality introduction to engineering course will be most effective if it is:  Discipline specific with a focus on communicating academic and career-related content  Problem-based and experiential in pedagogy  Diverse in subject matter and activities  Structured around one or more major projects that will push the limits of students' abilities  Grounded in the principle that integrating students into a community is one of the best ways to retain engineering students Appendix A -Full survey questions and numerical responses
The full questions asked as a part of the student survey concerning how the two introductory engineering courses affected students' perceptions about their engineering education (represented in the text by Figure 4 ) as well as the numerical results from their responses are shown in Table 6 . The full questions asked as a part of the student survey concerning how the two introductory engineering courses affected students' perceptions about their engineering careers (represented in the text by Figure 5 ) as well as the numerical results from their responses are shown in Table 7 . 
